ABSTRACT. The 2-deo~y-['~C]-glucose (2-DG) method of Sokoloff was used to assess regional cerebral glucose utilization (CGU) in the immature rat. The 7-d postnatal rats received 2.5 pCi 2-DG subcutaneously, after which blood was collected for measurement of plasma glucose and 2-DG activity at intervals up to 90 min. The brains of the 90-min rat pups either were frozen for analysis of glucose concentration and chromatographic separation of 2-DG and 2-DG-6-phosphate or for ['4C]-autoradiography. A lumped constant of 0.55 was calculated from plasma and brain glucose levels of 6.4 and 1.62 mmol/L.kg, respectively. Of the [I4C] activity in brain, 75.6% was in the 2-DG-6-phosphate fraction; this percent was substituted for Kl", K2*, and K3" in the Sokoloff equation. Cerebral hemispheric CGU (n = 6) averaged 11.4 + 1.5 wmo1/100 g/min, 1/10 the value of adult rat brain. Rates in 16 brain structures (n = 10) ranged from 7.8 (frontal white matter) to 16.9 (cerebellum) pmo1/100 g/min. During hypoxiaischemia (unilateral common carotid artery ligation combined with exposure to 8% oxygen), the lumped constant increased to 1.04, and 99% of 2-DG was converted to 2-DG-6-phosphate. Increases in CGU occurred in all eight structures of the cerebral hemisphere ipsilateral to the carotid artery occlusion (n = 9), ranging from 287% (frontal white matter) to 445% (striatum) of control values (p < 0.05). Relatively comparable elevations in CGU (234-435% of control) occurred in the contralateral cerebral hemisphere, which were not significantly different from those of the ipsilateral hemisphere. The relatively proportionate increases in regional CGU of the two cerebral hemispheres, only one of which sustains tissue injury, suggest interhemispheric differences in the extent to which glucose is metabolized via anaerobic glycolysis to maintain cellular energy production. The investigation demonstrates the feasibility of measuring regional CGU in the small laboratory animal, which is applicable to a variety of physiologic and pathologic situations. (Pediatr Res 26: 208-214,1989) Abbreviations CGU, cerebral glucose utilization rCGU, regional CGU 2-DG, 2-deoxyglucose 2-DG-6-P, 2-deoxyglucose-6-phosphate s.c., ~ubcutaneous LC, lumped constant -P, high-energy phosphate bond The 2-DG technique, as originally developed by Sokoloff et al. (I), has become an established procedure to measure rCGU in adult animals. The method has been used in numerous species under a variety of physiologic and pathologic situations (2). Furthermore, the method provides the theoretical and practical basis for the measurement of rCGU in humans, including infants and children, using positron emission tomography (3, 4). Although rCGU has been determined in large perinatal animals (5-7), a systematic investigation of its applicability to the small laboratory animal has yet to be accomplished. We here describe a feasibility study to measure rCGU, using 2-DG, in the immature rat; and we have used the technique to ascertain the nature and extent of alterations in regional glucose metabolism in a model of perinatal hypoxic-ischemic brain damage.
The 2-DG technique, as originally developed by Sokoloff et al. (I) , has become an established procedure to measure rCGU in adult animals. The method has been used in numerous species under a variety of physiologic and pathologic situations (2) . Furthermore, the method provides the theoretical and practical basis for the measurement of rCGU in humans, including infants and children, using positron emission tomography (3, 4) . Although rCGU has been determined in large perinatal animals (5-7), a systematic investigation of its applicability to the small laboratory animal has yet to be accomplished. We here describe a feasibility study to measure rCGU, using 2-DG, in the immature rat; and we have used the technique to ascertain the nature and extent of alterations in regional glucose metabolism in a model of perinatal hypoxic-ischemic brain damage.
MATERIALS AND METHODS
Dated pregnant Wistar rats were purchased from a commercial breeder (Charles River, Wilmington, MA) and housed in individual cages. Offspring, delivered vaginally, were reared with their dams until time of experimentation at 7 d of postnatal age.
Measurement of rCGU. rCGU was measured with a modification of the original Sokoloff technique ( I ) using 2-DG as the radioisotope. A preliminary study was conducted to characterize the saturation/desaturation plasma curve for 2-DG in 7-d postnatal rats. A total of 21 rat pups from three litters of 10 or more animals received a S.C. injection of 2.5 pCi (0.2 mL) 2-deoxy-[U-14C]-glucose (58.0 mCi/mmol) (Amersham, Arlington Heights, IL), after which the animals were decapitated at varying intervals up to 180 min. Arterialized blood (8) was collected from the severed neck vessels into heparinized capillary tubes that were centrifuged at 3000 x g for 5 min to separate plasma from red cells. Ten pL of plasma then was solubilized in 1.0 mL of Soluene-350 (United Technologics Packard, Downer Grove, IL). After mixing overnight in a mechanical shaker at room temperature, the solution was combined with 9.0 mL of Dimilume-36 (United Technologics Packard). Samples then were counted on a Beckman LS-350 liquid scintillation spectrometer (Beckman Instruments, Inc., Fullerton, CA) with appropriate internal standards and blanks.
The results of the preliminary study are shown in Figure 1 . Plasma 2-DG concentrations, represented in dpm/mL, peaked within 5 min of S.C. injection, remained stable for an additional 25 min and decreased thereafter to 10% of the peak value by 180 min. The prolonged decay of the plasma curve compared to adult rats (1) presumably relates to the route of administration of the isotope (s.c. vs intravenous) and to slow clearance of the isotope from the bloodstream. Calculation of several areas under the curve from 0 to 180 min revealed that saturation/desaturation of plasma 2-DG was 70, 80, and 90% complete at 45, 60, and 90 min, respectively. Assuming that nonphosphorylated 2-DG in brain follows closely that of plasma (see below), autoradiography would best be accomplished 90 min or longer postinjection of the isotope to minimize overestimation of rCGU owing to the presence of substantial amounts of nonmetabolized 2-DG in the tissue (1, 2) .
In further experiments, 7-d-old rats were injected S.C. with 2.5 pCi 2 -d e o~~-[ U~~C ] -g l~c o s e , after which two or more animals were decapitated at either 2, 5, 10, 20, 30, 45, 60, 75, or 90 min. Blood was collected from the severed neck vessels and plasma separated from red cells by centrifugation (see above). A portion (10 pL) of plasma was used to determine glucose concentration on a micro-glucose analyzer (Beckman Glucostat), whereas 10 pL of the remaining portion were prepared for scintillation counting as described above. Measurement of the glucose (pmol/ mL) and 2-DG (dpm/mL) contents in each plasma sample allowed calculation of the integrated 2-DG/glucose sp act (dpm/ pmol) over 90 min (average of two or more samples at each interval). A total of three sets of two combined litters (20-24 animals) of comparable age and size were used for this experiment.
The heads of the rat pups killed at 90 min postinjection of 2-DG were immediately frozen in liquid nitrogen to stop intermediary metabolism. Each brain then was removed from its skull in a cold box set at -20°C, and portions (50-80 mg) of cerebral cortex and subcortical white matter from each cerebral hemisphere and of the brainstem were dissected, powdered under liquid nitrogen and weighed on a micro-analytical balance. Perchloric acid extracts of each major brain region then were prepared as previously described (9) . The solutions were neutralized to pH 7.0 with 2 M KHC03, a portion (0.5 mL) of which was diluted in 9.5 mL of Dimilume-36 and counted in the scintillation spectrometer. An additional aliquot (20 pL) of the extract was assayed for glucose content using an enzymatic, fluorometric technique (9) . The remainder of the neutralized perchloric acid extract was passed over an ion-exchange column formate form (Biorad Econocolumn, Richmond, CA). Neutral compounds, including free (nonphosphorylated) 2-DG and glucose, were eluted with 3 mL water, a portion of which (0.5 mL) was diluted in 9.5 mL Dimilume-36 and counted. From the data, the percentage of total 2-DG in brain which was metabolized to 2-DG-6-P was calculated (see "Results").
The brains of three additional rats killed at 90 min postinjection of 2-DG were removed fresh from their skulls and frozen in liquid freon (-70°C Several rate constants are incorporated into the operational equation of Sokoloff et al. (I) to measure rCGU. These rate constants include: K l * = 2-DG transport into brain; K2* = 2-DG efflux from brain into blood; and K3* = the tissue phosphorylation of 2-DG to 2-DG-6-P. Use of these rate constants, which differ from those of glucose, is required to estimate the amount of nonmetabolized 2-DG present in brain at the time that the animals were killed. Without use of the constants, calculated rCGU would overestimate the true value, because isotopic counting of brain tissue specimens (or autoradiography) includes both 2-DG and 2-DG-6-P radioactivities. Sokoloff et al. (1) emphasized that any error in calculating CGU of adult rat brain using the rate constants is minimized by the prolonged circulation time (45 min) of 2-DG before the animals were killed. During this time, the terms of the 2-DG equation that contain the rate constants should approach zero. However, recent data indicate that the 2-DG rate constants of immature (specifically newborn) rats differ from those of adult (10) . Furthermore, immature and adult rats differ both in their basal concentrations of plasma and brain glucose (higher in rat pups) and in the rates of cerebral metabolism (lower in rat pups) (1, 9, 11, 12) . These age-related differences precluded the use of published 2-DG rate constants in our experiments on 7-d-old rats.
To determine Kl*, K2*, and K3* in immature rat brain would have required a large number of animals. Therefore, we used the data obtained from the chromatographic experiments described above to ascertain the ratio of 2-DG-6-P to that of total [I4C] activity in brain. This ratio then was substituted for those components of the original Sokoloff equation containing the rate constants (see below). K4* is a constant which describes the rate of dephosphorylation of 2-DG-6-P to 2-DG by glucose-6-phosphatase. Sokoloff et al. (1) proposed that the dephosphorylation of 2-DG-6-P is negligible; therefore, K4* can be ignored (13) . However, other investigators have provided evidence to suggest that substantial conversion of 2-DG-6-P to 2-DG occurs and that K4* should not be ignored (14, 15) . Based on an appraisal of the available data, Gjedde (16) has concluded that for adult rat brain "there is no compelling reason to include a term for dephosphorylation in solutions-of the Sokoloff equation-that do not extend beyond 45 minutes." We would extend this conclusion to 90 min for immature rat brain, in which the activities of glycolytic enzymes, and presumably glucose-6-phosphatase, are 50% or less of the enzymatic activities of adult rat brain (17, 18) .
The LC of the Sokoloff equation is a value that defines a composite of six individual constants representing: I ) the ratio of the distribution volumes (A) for 2-DG and glucose in brain, 2) the relative activity of brain glucose-6-phosphatase (+), and 3) the apparent Michaelis-Menton constants (Km and Km*) and maximal velocities (Vm and Vm*) of brain hexokinase for glucose and 2-DG, respectively (1, 2). The LC already has been determined to be 0.46 for adult rat brain (1) and 0.6 1 for newborn rat brain (10) . Rather than measure the LC directly in 7-d-old rats, we elected to use a ng for adult rat brain published by Pardridge et al. (19) that allows calculation of individual LC values for each animal as determined by the concentrations of' glucose in brain relative to that of plasma.
As mentioned previously, we used a modification of the original Sokoloff equation to measure rCGU in immature rat brain by substituting the measured values of the percent 2-DG metabolized for the rate constants (20) . Thus (T) (dpmlg); CpX = the concentration of the tracer in plasma (dpm/mL); and Cp = the concentration of glucose in plasma (PmolImL) Induction of hypoxia-ischemia. Cerebral hypoxia-ischemia was induced in 7-d postnatal rats by a previously described technique (21) . Specifically, individual rat pups were lightly anesthetized with halothane (4% induction; 1 .O-1.5% maintenance) during which the right common carotid artery was permanently ligated with 4-0 surgical silk. Upon recovery from anesthesia, the animals were returned to their dams for 4 h, after which each animal received a S.C. injection of 2.5 PCi 2-deo~y-[U'~C]-glucose. Then 5 min later, they were placed in 500-mL air-tight jars partially submerged in a 37°C waterbath, through which was delivered a humidified gas mixture of 8% oxygen-92% nitrogen via inlet and outlet portals. This insult is known to produce irreversible brain damage in the form of selective neuronal necrosis and/or infarction predominantly in the cerebral hemisphere ipsilateral to the arterial occlusion in 92% of the animals (2 1). The rat pups were exposed to hypoxia-ischemia for 2, 5, 10, 20, 30, 45, 60, 75, or 90 min, after which they were rapidly removed from the jars and killed by decapitation. Plasma and brain specimens (90 min) were prepared for assay of glucose content, scintillation counting, and/or autoradiography as described above for the control 7-d-old rat pups. Thus, control (no ligation or hypoxia) and hypoxic-ischemic animals were obtained from entirely separate litters, owing to the necessity to characterize the plasma 2-DG saturation-desaturation curve for each experimental group. Statistical analysis. Statistical analysis of the data included the paired and unpaired Student's t tests and an analysis of variance. Table 1 depicts data obtained from experiments whereupon the brains of six 7-d postnatal rats were quick frozen 90 rnin after a S.C. injection of 2-deo~y-['~C]-glucose (2-DG). These brains were subjected to those chromatographic procedures necessary to ascertain the extent to which 2-DG in brain was phosphorylated to 2-DG-6-P. As can be seen from Table 1 , under physiologic conditions (control animals), 75.6% of the metabolite retained by brain during isotopic circulation underwent metabolic conversion to 2-DG-6-P, 24.4% remaining as nonphosphorylated 2-DG. Incorporating this constant into the numerator of the Sokoloff equation (see "Materials and Methods") and using a lumped constant of 0.55-0.56, CGU for both cerebral hemispheres of control 7-d-old rat brain were calculated.
RESULTS
Six rat pups from three separate litter pairs underwent 90 min of cerebral hypoxia-ischemia, during which their brains were analyzed for measurement, of cerebral hemispheric CGU. The animals were injected with 2-DG 5 min before the onset of systemic hypoxia. Unlike the control rats (see above), the 2-DG entering brain was essentially completely phosphorylated in both cerebral hemispheres (Table 1 ). The metabolic conversion of 2-DG to 2-DG-6-P occurred in association with 91 and 76% decreases in brain glucose in the cerebral hemispheres ipsilateral (right) and contralateral to the carotid artery occlusion, respectively. Lumped constants nearly doubled in both hemispheres, owing to disproportionate reductions in brain glucose relative to that of plasma. CGU increased by 150% in the hypoxic-ischemic (right) cerebral hemisphere and by 135% in the nonischemic but hypoxic (left) hemisphere ( p < 0.001).
Autoradiographic analyses were conducted in 10 control rat brains (Fig. 2) . No interhemispheric differences in CGU were noted among several structures; therefore, only those of the right cerebral hemisphere are shown in Table 2 . Rates of glucose utilization varied by as much as 50% among the gray matter structures, ranging from 8.7 to 16.9 ~mo1/100 g/min for the striatum and cerebellar hemispheres, respectively. Cerebral cortical and brainstem rates were similar, whereas subcortical white matter showed the lowest rates of glucose metabolism.
The brains of nine immature rats subjected to 90 rnin of hypoxia-ischemia were prepared for ['4C]-autoradiography (Figs. 2 and 3). Increases in CGU occurred in all of eight analyzed structures of the cerebral hemisphere ipsilateral to the carotid artery occlusion, ranging from 287% (frontal white) to 445% (striatum) of control values ( p = 0.01-<0.001). Regional CGU also increased in the contralateral cerebral hemisphere ( p = 0.0 1 -<0.001) although not to the extent seen in respective structures of the ipsilateral hemisphere. However, the interhemispheric differences in CGU during hypoxia-ischemia were not statistically significant in any of the eight analyzed structures ( p > 0.05).
Alterations in CGU also occurred in several brainstem structures during hypoxia-ischemia (Figs. 2 and 3 ). Greater increases in CGU were seen in the ipsilateral hypothalamus, midbrain, and colliculi when compared to the contralateral side, although the side-to-side difference was significant only in the midbrain (p < 0.001). Progressively less and relatively symmetrical increases in CGU occurred in the pons, cerebellar hemisphere, and medulla oblongata.
DISCUSSION
The results of the present investigation demonstrate our feasibility to measure quantitatively regional cerebral glucose utilization in a small laboratory animal, specifically the immature rat. The regional heterogenecity presented in Table 2 previously has been demonstrated in perinatal animals of other species (dog, monkey, sheep), in which rates of glucose utilization are highest in hindbrain structures (brainstem and cerebellum) and are lowest in white matter (5-7). The topographical variations in CGU presumably reflect underlying differences in local metabolic demands (l,2); which, in turn, reflect the limited functional capabilities of the animal at the age under investigation (6) . Thus, it is not surprising that rCGU is 70-92% lower than respective regional rates of adult rat brain ( Table 2 ). The results also support an earlier finding from our laboratory in which the rate of cerebral energy use of 7-d postnatal rat brain was approximately 1/10 the rate of adult rats (1 1).
The contribution of glucose consumption to the overall energy balance of the brain can be estimated if the rate of cerebral energy utilization is known. For 7-d postnatal rat brain, the energy use rate is 2.58 mmol -P/kg/min (1 1). For every mol of glucose aerobically consumed to carbon dioxide and water, 20 equivalents of -P are generated via the glycolytic pathway and oxidative phosphorylation, assuming and ADP/O ratio of 1.5 for immature rat brain (22, 23) . A CGU rate of 1 1.4 pmo1/100 g/min (average of left and right cerebral hemispheres; Table 1 ) would generate 11.4 x 20 = 228 pmol -P/100 g/min or 2.28 mmol -P/kg/min. Therefore, under aerobic conditions, glucose oxidation would account for 2.2812.58 = 88% of the energy requirement for 7-dold rat brain.
However, the assumption that glucose in brain of the developing rat is degraded entirely by aerobic processes may not be correct. Under physiologic conditions in newborn animals of other species, glucose is consumed exclusively via the glycolytic pathway and the tricarboxylic (Krebs) cycle with little or no Table 2 . * p < 0.05; **p < 0.001 compared to control. The Bonferroni correction for multiple comparisons and multiple regions requires p < 0.001 to be highly statistically different from respective control values. Data for adult rats from Sokoloff et al. ( 1 ) where hippocampus = Ammon's horn; white matter = genu of corpus callosum; striatum = caudate-putamen; thalamus = average of lateral and ventral nuclei; colliculus = superior colliculus; cerebellar hemisphere = cerebellar cortex.
production of lactic acid (24) (25) (26) . Such is not the case for the immature rat, which during suckling actively generates ketone bodies (acetoacetate and 0-hydroxybutyrate); the substrates can be transported into and consumed by brain (27) (28) (29) . During postnatal development, the cerebral utilization of ketone bodies may actually exceed that of glucose; glucose, in turn, is converted in part to lactic acid which is lost from the brain (27, 29) . Indeed, the data of Hawkins et al. (27) , derived from cerebral arteriovenous difference measurements in 16-to 20-d-old rats, suggest that up to 2 1 % of glucose is anaerobically degraded to lactate. If such is also the case for the 7-d-old rat, then the contribution of glucose to overall metabolism would equate to: of cerebral energy requirements (see above). It follows that to quantify regional differences in cerebral energy demands in the developing rat requires a knowledge of the rates of utilization of all substrates available to brain for metabolism. Unfortunately, the regional measurement of metabolic rates of substrates other than glucose is not yet available.
An investigation by Nehlig et al. (30) recently has been published that describes the developmental changes in rCGU, measured with 2-DG, of the rat from 10 postnatal d through adulthood. Rates of glucose utilization in 10-d-old rat pups were on the order of 80-120% higher than those presented here, although the regional differences were similar. Technical considerations, rather than maturational differences, most likely account for the major discrepancies in the rates of glucose utilization in the two investigations. In the study of Nehlig et al. (30) , the lumped constant and rate constants used to calculate rCGU were those derived from adult rat brain (I), and the circulation time of 2-deoxy-['4C]-glucose was limited to 45 min. As discussed in "Materials and Methods" and presented in "Results," the use of such constants are likely to overestimate substantially the true rates of glucose utilization in immature rat brain. Recalculation of frontal cortex CGU from the Nehlig et al. (30) study (20 pmo1/100 g/min) using our own constants provides a glucose utilization rate of 13.6 pmo1/100 g/min, only 22% higher than the value found in 7-d-old rat brain (Table 2) . A comparison of the data from the two studies emphasizes the inherent risk of extrapolating rate constants for the measurement of rCGU from adult to immature animals (3 1).
The potential difficulty of equating rCGU to local metabolic demands of the brain in the immature rat under physiologic conditions (see above) is circumvented in large part during hypoxia-ischemia, because all organic substrates other than glucose require oxygen for their metabolic degradation. Thus, the alterations in rCGU presented here can be assumed to reflect accurately regional differences in energy requirements and, hence, their respective vulnerabilities to hypoxic-ischemic injury. In this regard, the neuropathologic changes that characterize the immature rat subjected to cerebral hypoxia-ischemia is focused on the posterior cerebral cortex and subcortical white matter, hippocampus, striatum, and thalamus of the cerebral hemisphere ipsilateral to the carotid artery occlusion in decreasing order of incidence and severity (21) . All of these structures exhibited substantial elevations in CGU during hypoxia-ischemia, although an inconsistent correspondence existed between the percent increases in CGU and the extent of brain damage (Table 3) .
Although the alterations in CGU among several gray matter regions of the ipsilateral cerebral hemisphere correlated to some degree with the distribution and extent of ischemic tissue necrosis (Table 3) , no such correspondence existed within individual brain structures. Specifically, the increases in CGU always appeared homogeneous within each brain structure (Fig. 3) , whereas ischemic neuronal destruction follows distinctive patterns (2 1). In cerebral cortex, tissue injury shows either a laminar emphasis (layers 3 and 5 + 6) or a contrasting pattern of alternating columns of normal and damaged neurons oriented at right angles to the pial surface. In hippocampus, ischemic damage is frequent in Sommer sectors h l and h3-5, with relative preservation of h2. In the striatum, damage is maximal medially towards the ependyma of the lateral ventricle; in the thalamus, damage is always focal and usually limited to the lateral half. In other studies, we have shown columnar alterations in NADH fluorescence (as a reflection of the cellular oxidation-reduction state) and in the accumulation of radiolabelled Ca++ in the same location of cerebral cortex and hippocampus as histologically verified tissue damage (12, 32) . As with alterations in regional cerebral blood flow (33) , pertubations in rCGU per se do not appear to predict the heterogeneous pattern of damage seen within individual structures of the brain. Further research is required to clarify the relationship between alterations in CGU and those of cellular acid-base balance and calcium ion homeostasis.
The observed increases in rCGU of the cerebral hemisphere ipsilateral to the carotid artery occlusion were not unexpected in light of previous findings that this hemisphere is rendered ischemic during the course of systemic hypoxia with 8% oxygen (33) . Cerebral blood flow, measured with iodo-['4C]-antipyrine, ranges from 1 5 % (subcortical white matter) and 4 1 % (thalamus) of control, whereas blood flows to the contralateral cerebral hemisphere are unchanged from prehypoxic values. During hypoxia-ischemia, both oxygen and substrate (glucose) delivery, including 2-DG, to the ipsilateral cerebral hemisphere are curtailed. Thus, the elevations in rCGU reflect enhanced uptake into and utilization by brain, the latter most certainly via anaerobic glycolysis (12) . Furthermore, glucose uptake does not keep pace with the accelerated glycolytic flux, resulting in near total depletion of endogenous glucose stores (Table 1 ). This finding is in keeping with the limited capacity of carrier-mediated glucose transport across the immature blood-brain bamer (34) The question remains as to why the elevations in rCGU of the ipsilateral cerebral hemisphere were minimally greater than those Figure   3 . Cerebral cortex = average of pareital a n d occipital; subcortical white matter = pareital.
of the hypoxic but nonischemic contralateral hemisphere. Limited substrate (glucose and 2-DG) delivery to the hypoxic-ischemic hemisphere cannot account for the interhemispheric similarities in the rates of metabolism, because total 2-DG activity was actually 24% higher in the ischemic hemisphere (Table  I) . A far more plausible explanation relates to a difference in the extent of anaerobic glycolysis of the two hemispheres. It is likely that in the ischemic hemisphere, most if not all of the available glucose was consumed anaerobically with little or no degradation via oxidative metabolism. Given the inefficiency of glycolysis to generate ATP, the high-energy phosphate compounds (ATP, ADP, phosphocreatine) would have been rapidly depleted, as has been shown to occur in this animal model (12) . In contrast, glucose in the contralateral cerebral hemisphere was consumed to at least some extent by oxidative processes, thereby promoting optimal preservation of high-energy reserves (12) . Unfortunately, lactic acid concentrations in brain during hypoxia-ischemia do not provide information regarding the extent of anaerobic glycolysis in the two hemispheres, because lactate in brain of the immature rat remains in close equilibrium with that of blood (12, 35) . Hence, like rCGU, minimal interhemispheric differences in lactate levels exist (12) . In summary, the present investigation demonstrates the feasibility of measuring rCGU reliably and accurately in the small laboratory animal, specifically the immature rat. The method can be applied to a variety of situations to ascertain the role of glucose metabolism in influencing or controlling the functional homeostasis of the developing brain under physiologic and pathologic conditions. Such information should expand our knowledge regarding mechanisms of brain maturation and how these processes fail under adverse conditions known to produce brain damage.
